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1. Introduction 
The primary function of a natural circulation loop (i.e. thermosyphon loop) is to transport 
heat from a source to a sink. Fluid flow in a thermosyphon loop is created by the buoyancy 
forces that evolve from the density gradients induced by temperature differences in the 
heating and cooling sections of the loop. An advanced thermosyphon loop consists of the 
evaporator, where the working liquid boils; and the condenser, where the vapour condenses 
back to liquid; the riser and the downcomer connect these two exchangers. Heat is 
transferred as the vaporization heat from the evaporator to the condenser. The 
thermosyphon is a passive heat transfer device, which makes use of gravity for returning 
the liquid to the evaporator. Thermosyphons are less expensive than other cooling devices 
because they feature no pump. 
There are numerous engineering applications for thermosyphon loops such as, for example, 
solar water heaters, thermosyphon reboilers, geothermal systems, nuclear power plants, 
emergency cooling systems in nuclear reactor cores, electrical machine rotor cooling, gas 
turbine blade cooling, thermal diodes and electronic device cooling. The thermal diode is 
based on natural circulation of the fluid around the closed-loop thermosyphon (Bieliński & 
Mikielewicz, 1995, 2001), (Chen, 1998). The closed-loop thermosyphon is also known as a 
“liquid fin” (Madejski & Mikielewicz, 1971).  
Many researchers focused their attention on the single-phase loop thermosyphons with 
conventional tubes, and the toroidal and the rectangular geometry of the loop. For example, 
Zvirin (Zvirin, 1981) presented results of theoretical and experimental studies concerned with 
natural circulation loops, and modeling methods describing steady state flows, transient and 
stability characteristics. Greif (Greif, 1988) reviewed basic experimental and theoretical work 
on natural circulation loops. Misale (Misale et al., 2007) reports an experimental investigations 
related to rectangular single-phase natural circulation mini-loop. Ramos (Ramos et al., 1985) 
performed the theoretical study of the steady state flow in the two-phase thermosyphon loop 
with conventional tube. Vijayan (Vijayan et al., 2005) compared the dynamic behaviour of the 
single-phase and two-phase thermosyphon loop with conventional tube and the different 
displacement of heater and cooler. The researcher found that the most stable configuration of 
the thermosyphon loop with conventional tube is the one with both vertical cooler and heater. 
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In the case of closed rectangular and toroidal loops with conventional tube, particular 
attention has to be devoted to both transient and steady state flows as well as to stability 
analysis of the system under various heating and cooling conditions. 
The purpose of this chapter is to present a detailed analysis of heat transfer and fluid flow in 
a new generalized model of thermosyphon loop and its different variants. Each individual 
variant can be analyzed in terms of single- and two-phase flow in the thermosyphon loop 
with conventional tubes and minichannels. The new empirical correlations for the heat 
transfer coefficient in flow boiling and condensation, and two-phase friction factor in 
diabatic and adiabatic sectors in minichannels and conventional tube, are used to simulate 
the two-phase flow and heat transfer in the thermosyphon loop. The analysis of the 
thermosyphon loop is based on the one-dimensional model, which includes mass, 
momentum and energy balances. 
2. A generalized model of the thermosyphon loop 
A schematic diagram of a one-dimensional generalized model of the thermosyphon loop is 
shown in Fig. 1.  
 
 
7
9
C3
H1
C2
L
LL
L
L
C3
H1
H2
C1
C1K
11
10
4
5
12
6
8
L
L
L
L
13
15
1
14
0
16
2
3H2
H3
C1
S
S
S
S
S
S S
S
S
S
S
S
S
S
SS
S
H3P
H2P
H2
C1
C3P
C2P
H1K
L
L
L
 
Fig. 1. A schematic diagram of a one-dimensional generalized model of the thermosyphon 
loop.  
The loop has a provision for selecting one or two or three of the heat sources at any location, 
in the bottom horizontal pipe or in the vertical leg; similarly, the heat sink can be chosen in 
the top horizontal pipe or in the vertical leg. Therefore, any combination of heaters and 
coolers can be analyzed. The constant heat fluxes 
Hq$  and Cq$  are applied in the cross-
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section area per heated and cooled length: 
HL and CL . The heated and cooled parts of the 
thermosyphon loop are connected by perfectly insulated channels. The coordinate s along 
the loop and the characteristic geometrical points on the loop are marked with sj , as shown 
in Fig. 1. The total length of the loop is denoted by L, the cross-section area of the channel by 
A and the wetted perimeter by U . Thermal properties of fluid: ρ - density, pc  - heat 
capacity of constant pressure, λ  - thermal conductivity. 
The following assumptions are used in the theoretical model of natural circulation in the 
closed loop thermosyphon: 
1. thermal equilibrium exists at any point of  the loop, 
2. incompressibility because the flow velocity in the natural circulation loop is relatively 
low compared with the acoustic speed of the fluid under current model conditions, 
3. viscous dissipation in fluid is neglected in the energy equations, 
4. heat losses in the thermosyphon loop are negligible, 
5. ( ) ;1LD <<  one-dimensional models are used and the flow is fully mixed. The velocity 
and temperature variation at any cross section is therefore neglected, 
6. heat exchangers in the thermosyphon loop can be equipped by conventional tubes or 
minichannels, 
7. fluid properties are constants, except density in the gravity term, 
8. single- and two-phase fluid can be selected as the working fluid, 
a. if the Boussinsq approximation is valid for a single-phase system, then density is 
assumed to vary as ( )[ ]00 TT1 −⋅β−⋅ρ=ρ in the gravity term where 
p0 T
1 ⎟⎠
⎞⎜⎝
⎛
∂
υ∂⋅υ=β  
( υ - specific volume, “0” is the reference of steady state), 
b. for the calculation of the frictional pressure loss in the heated, cooled and adiabatic 
two-phase sections, the two-phase friction factor multiplier 2 0LR φ=  is used; the 
density in the gravity term can be approximated as follows: ( ) LV 1 ρ⋅α−+ρ⋅α=ρ , 
where α is a void fraction, 
c. homogeneous model or separate model can be used to evaluate the friction 
pressure drop of two phase flow, 
d. quality of vapor in the two-phase regions is assumed to be a linear function of the 
coordinate around the loop, 
9. the effect of superheating and subcooling are neglected,  
Under the above assumptions, the governing equations for natural circulation systems can 
be written as follows: 
- conservation of mass: 
  ( ) ;0w
s
=⋅ρ∂
∂+∂τ
∂ρ
 (1)  
where τ  - time, w  - velocity. 
- conservation of momentum: 
  ;
A
U
g~
s
p
s
w
w
w
w ⋅τ−⋅ρ⋅ε+∂
∂−=⎟⎠
⎞⎜⎝
⎛
∂
∂⋅+∂τ
∂⋅ρ  (2)  
where ( ) ( ) ;gefor1;gefor1;gefor0 ↓∧↓−=ε↓∧↑+=ε⊥=ε ffffff ;)g,ecos(g1geg~ fffcf ⋅⋅==  
;1e;gg == ff and ef is a versor of the coordinate around the loop, and  
wτ  - wall shear stress. 
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In order to eliminate the pressure gradient and the acceleration term, the momentum 
equation in Eq. (2) is integrated around the loop  ∫ =⎟⎠⎞⎜⎝⎛ ∂∂ 0dssp .  
- conservation of energy: 
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where 
0p0
0
0
c
a ⋅ρ
λ=  - thermal diffusivity, 
The flow in natural circulation systems which is driven by density distribution is also 
known as a gravity driven flow or thermosyphonic flow. In such flows, the momentum and 
the energy equations are coupled and for this reason they need to be simultaneously solved 
(Mikielewicz, 1995).  
3. Thermosyphon loop Heated from below Horizontal side and Cooled from 
upper Horizontal side (HHCH). 
In this paper, we present the case of the onset of motion of the single-phase fluid from a rest 
state, which occurs only for the (HHCH) variant. We have assumed that: ( )0CC TTq −⋅α=$ . 
The heat transfer coefficient between the wall and environment Cα  and the temperature of 
the environment  0T  are constant.   
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Fig. 2. The variant of  HHCH. 
www.intechopen.com
Natural Circulation in Single and Two Phase Thermosyphon Loop  
with Conventional Tubes and Minichannels   
 
479 
The above governing equations can be transformed to their dimensionless forms by the 
following scaling: 
  ;
)Lq(
)TT()U/A(
T;)Aa()Lm(m;L/ss;L/)a(
2
H
0H0
00
2
0 ⋅
−⋅⋅λ=⋅ρ⋅⋅==τ⋅=τ ++++ $$$  (4)  
The dimensionless momentum equation and the energy equation at the steady state for the 
thermosyphon loop heated from below can be written as follows:  
- momentum equation (with: ;LsK jj = ) 
 ;dsTdsT)Ra(m
3
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- energy equation 
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- with boundary conditions 
  
;
ds
dT
ds
dT
;
ds
dT
ds
dT
;
ds
dT
ds
dT
;
ds
dT
ds
dT
;)K(T)K(T;)K(T)K(T;)K(T)K(T;)1(T)0(T
3322
11
Ks
H
Ks
2A
Ks
2A
Ks
C
Ks
C
Ks
1A
1s
H
0s
1A
3H32A22A2C1C11AH1A
=
+
+
=
+
+
=
+
+
=
+
+
=
+
+
=
+
+
=
+
+
=
+
+
++++++++
++++
++++
==
==
====
 (7)  
The parameters appearing in the momentum and the energy equations are the modified 
Biot, Rayleigh and Prandtl numbers.  
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For the discussed case of laminar steady-state flow the dimensionless distributions of 
temperature around the loop can be obtained analytically from Eq. (6). Working fluid was 
the distilled water. The results of calculations are presented in Fig. 3. 
It has been found that the Biot number has an influence on temperature and mass flow rate 
in the laminar flow. The results are shown in Figs. 3 and 4.   
Substitution of the temperature distributions into the dimensionless equation of motion for 
the steady-state yields the relation for the dimensionless flow rate for laminar flow. 
The presented numerical calculations are based on our new method for solution of the 
problem for the onset of motion in the fluid from the rest. Conditions for the onset of motion 
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Fig. 3. The effect of Biot number on temperatures in laminar steady-state flow (HHCH). 
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Fig. 4. The dimensionless  mass flow rate +m$  versus modified Rayleigh number ( ) **Ra  with 
the modified Biot number ( ) **Bi  used as a fixed parameter (HHCH) . 
in the thermosyphon can be determined by considering the steady solutions with circulation 
for the limiting case of 0ml →+$  . The analysis was based on the equations of motion and 
energy for the steady-state conditions. The heat conduction term has to be taken into 
account in this approach because the heat transfer due to conduction is becoming an 
increasingly important factor for decreasing mass flow rates.  
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It is shown that the geometrical and thermal parameters have an influence on the problem 
of global flow initiation from the rest (Figs. 4, 5 and 6). 
Fig. 5 illustrates that the larger Biot numbers correspond to larger values of the critical 
Rayleigh number. 
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Fig. 5. The critical value of the modified Rayleigh number ( ) **Ra  versus modified Biot 
number  **)Bi( (HHCH). 
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Fig. 6. The critical value of the modified Rayleigh number ( ) **Ra versus B/H ratio (HHCH). 
It has been found that the minimum of the critical modified Rayleigh number ( ) **Ra =1121, 
with 5** 102)Bi( ×= , appears for B/H=0.544.  
The stability analysis shows that the loop heated from one side and cooled from the other 
one asymmetrically with respect to the gravity force is always unstable and any temperature 
gradient due to heating or cooling results in the onset of flow circulation.  
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4. Thermosyphon loop Heated from the lower part of Vertical side and Cooled 
from the upper part of the opposite Vertical side (HVCV). 
The thermosyphon loop heated from the lower part of vertical leg and cooled from the 
upper part of the opposite vertical leg (HVCV) is chosen as an example to present  the 
analysis of two-phase flow in conventional tubes. The Stomma (Stomma, 1979) correlation 
describing the void fraction, the Friedel (Friedel, 1979) correlation for the friction pressure 
drop of two-phase flow in adiabatic region, the Müller-Steinhagen & Heck (Müller-
Steinhagen & Heck, 1986) correlation for the friction pressure drop of two-phase flow in 
diabatic region and the Mikielewicz correlation for the flow boiling heat transfer coefficient 
in conventional channels (Mikielewicz et al., 2007) are used to calculate two phase flow in 
the thermosyphon loop equipped with conventional tubes. Freon R-11 was chosen as a 
working fluid in the thermosyphon device. A schematic diagram of the analysed 
thermosyphon loop (HVCV) is shown in Fig. 7. 
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Fig. 7. The thermosyphon loop heated from the lower part of vertical side and cooled from 
the upper part of the opposite vertical side (HVCV). 
After integrating the gravitational term in the momentum equation (2) around the loop, we 
obtain 
  
( ){ }
( ) ( ) ( ) ( ) ( ){ }
1 4 0 1 4 52 1 4 3 1 0 5 4; ; ;
1
;
L V
V L s s s s s s
g ds
g s s s s s s s s
ε α ρ α ρ
ρ ρ α α α
⋅ ⋅ ⎡ − ⋅ + ⋅ ⎤ =∫ ⎣ ⎦
⎡ ⎤= ⋅ − × − − − ⋅ + − ⋅ − − ⋅⎣ ⎦
¶
 (9) 
where  ( ) ( )dssss
1
K
P
KPKP
s
s
s;s
PK
s;s ∫α⋅−=α . 
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The Stomma empirical correlation (Stomma, 1979) for the void fraction at low pressures is 
applied in the form 
  
( ) ( )
( )
2 2
1
1
2 ln
1
HOM
STOMMA
HOM
HOM
x
x
x
α
α
αα
⎡ ⎤−⎢ ⎥⎣ ⎦= − ⎡ ⎤⎛ ⎞−⋅ − −⎢ ⎥⎜ ⎟−⎢ ⎥⎝ ⎠⎣ ⎦
 (10)  
where 
⎟⎟⎠
⎞
⎜⎜⎝
⎛
ρ
ρ⋅−+
=α
L
V
HOM
x
x1
1
1
. (Subscripts: V – vapour, L – liquid, HOM - homogeneous).  
The following additional assumptions are made in this study (HVCV): a) flows of liquid and 
vapour phases in the two-phase regions are both turbulent and flow of liquid in single 
phase region is also turbulent, b) friction coefficient is constant in each region of the loop 
and the frictional component of the pressure gradient in two-phase regions was calculated 
according to the two-phase separate model. Due to the friction of fluid, the pressure losses 
in two-phase regions can be calculated as   
  
0Lp2
w
ds
dp
R
ds
dp
A
U ⎟⎠
⎞⎜⎝
⎛ −⋅=⎟⎠
⎞⎜⎝
⎛ −=τ⋅  (11)  
where: 
( )
L
2Chur
0L
0L D
Gf2
ds
dp
ρ⋅
⋅⋅=⎟⎠
⎞⎜⎝
⎛ $
 is the liquid only frictional pressure gradient calculated for 
the total liquid mass velocity, wG ⋅ρ=$ , Chur0Lf is friction factor of the fluid (Churchill, 1977).  
The local two-phase friction coefficient in two-phase adiabatic region was calculated using 
the Friedel formula (Friedel, 1979): 
 ;
ds
dp
ds
dp
0L
2
0L
FRIEDEL
Frict,f2
⎟⎠
⎞⎜⎝
⎛⋅Φ=⎟⎠
⎞⎜⎝
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where 
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and  (σ - surface tension)  
( ) ( )( ) ( ) ( )( ) ;DGWe;Dg GFr HOM
2
2
HOM
2
σ⋅ρ
⋅=ρ⋅⋅=
$$
  
The local two-phase friction coefficient in two-phase diabatic regions was calculated using 
the Müller-Steinhagen & Heck formula (Müller-Steinhagen & Heck, 1986) 
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After integrating the friction term in Eq. (2) around the loop, we obtain 
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P
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s
s
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s;s ∫⋅−= . 
Thus the momentum equation (2) for the two-phase thermosyphon loop (HVCV) can be 
written as 
  
( ) ( ) ( ) ( ){ }
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 (15)  
The mass flux distributions G$  versus heat flux Hq$  for the steady-state conditions and for 
the conventional tube case, is shown in Fig. 8. Calculations were carried out also using the 
homogeneous model of two-phase flow. The working fluid was freon R11.  
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Fig. 8. Mass flux rate G$  as a function of Hq$  for homogeneous model and separate model of 
two-phase flow (HVCV), (L=2 [m], D=0.08 [m], H=0.9 [m], B=0.1 [m], LH=LC=0.2 [m], 
LHP=LCP=0.05 [m] ).   
www.intechopen.com
Natural Circulation in Single and Two Phase Thermosyphon Loop  
with Conventional Tubes and Minichannels   
 
485 
Two flow regimes can be clearly identified in Fig. 8, namely GDR - gravity dominant regime 
and FDR – friction dominant regime. In the gravity dominant regime, for a small change in 
quality there is a large change in the void fraction and therefore density and buoyancy force. 
The increased buoyancy force can be balanced by a significant increase in the corresponding 
frictional force which is possible only at higher flow rates. As a result, the gravity dominant 
regime is characterized by an increase in the flow rate with heat flux Hq$ . However, the 
continued conversion of high density water to low density steam due to increase in heat flux 
Hq$  requires that the mixture velocity must increase resulting in the increase of the frictional 
force and hence a decrease in flow rate. Thus the friction dominant regime is characterized 
by a decrease in flow rate with increase in heat flux Hq$  (Vijayan et al., 2005). As presented 
in Fig. 8 a comparison between two models of two-phase flow shows that the homogeneous 
and the separated flow models reveal relatively big differences. 
4.1 The distributions of heat transfer coefficient in flow boiling. 
The heat transfer coefficient in flow boiling in minichannels was calculated using the 
Mikielewicz general formula for conventional channels (Mikielewicz et al., 2007) 
 ( ) ;
h
h
P1
1
R
h
h
2
REF
PBn
SM
REF
JM
TPB ⎟⎟⎠
⎞
⎜⎜⎝
⎛⋅++= −  (16)  
where 
( ) ;
f
1
xx1x1
f
1
21R
z1
3
3
1
1
SM ⋅+−⋅⎥⎥⎦
⎤
⎢⎢⎣
⎡ ⋅⎟⎟⎠
⎞
⎜⎜⎝
⎛ −⋅+=−  
( ) ( )
;
c
c
f;f
;PrRe
D
023.0h;76.0nTUR
2
3
V
L
3
1
pV
pL15
7
L
VTUR
z1
L
V
25.0
V
LTUR
1
3
1
L
8.0
0L
L
REF
⎟⎟⎠
⎞
⎜⎜⎝
⎛
λ
λ⋅⎟⎟⎠
⎞
⎜⎜⎝
⎛⋅⎟⎟⎠
⎞
⎜⎜⎝
⎛
μ
μ=⎟⎟⎠
⎞
⎜⎜⎝
⎛
ρ
ρ⋅⎟⎟⎠
⎞
⎜⎜⎝
⎛
μ
μ=
⋅⋅λ⋅==⇒
 
( ) ( ) ( ) ( )( ) ;1RBoRe1053.2P 65.0SM6.017.10L3 −−− −⋅⋅⋅×=  
( )
( )
( ) ( ) ;dGRe;
rG
q
Bo;
P
P
log
P
P
Mq55h
L
0L
55.0
CRIT
n
10
12.0
CRIT
n5.067.0
PB μ
⋅=⋅=⎥⎥⎦
⎤
⎢⎢⎣
⎡
⎟⎟⎠
⎞
⎜⎜⎝
⎛−⋅⎟⎟⎠
⎞
⎜⎜⎝
⎛⋅⋅⋅=
−
− $
$
$$   
For comparison purposes the heat transfer coefficient for flow boiling in minichannels was 
also calculated using the Liu and Winterton formula (Liu & Winterton, 1991): 
 ( ) ( ) ;hShFh 2PB2REFWLTPB ⋅+⋅=−  (17)  
where 
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The heat transfer coefficient distributions in flow boiling for minichannels 
TPBh  versus heat 
flux 
Hq$   for the steady-state conditions are presented  in Fig. 9.  
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Fig. 9. Heat transfer coefficient 
TPBh  as a function of Hq$ (HVCV). 
5. Thermosyphon Loop Heated from the Lower Part of Horizontal Side and 
Cooled from the Upper Part of Vertical Side (HHCV). 
The thermosyphon loop heated from the lower part of horizontal side and cooled from the 
upper part of vertical side (HHCV) was analyzed for case of two-phase flow in 
minichannels. A schematic diagram of the analysed thermosyphon loop  is shown in Fig. 10. 
In case of a thermosyphon loop with minichannels, it is necessary to apply some other 
correlations for void fraction and the local two-phase friction coefficient in the two-phase 
region, and local heat transfer coefficient for flow boiling and condensation. The following 
correlations have been used in calculations of the thermosyphon loop with minichannels: 
the El-Hajal  correlation for void fraction (El-Hajal et al., 2003), the Zhang-Webb correlation 
for the friction pressure drop of two-phase flow in adiabatic region (Zhang & Webb, 2001), 
the Tran correlation for the friction pressure drop of two-phase flow in diabatic region (Tran 
et al. 2000), the Mikielewicz (Mikielewicz et al., 2007) and the Saitoh (Saitoh et al., 2007) 
correlations for the flow boiling heat transfer coefficient for minichannels, the Mikielewicz 
and the Tang (Tang et al., 2000) correlations for condensation heat transfer coefficient for 
minichannels. 
After integrating momentum equation (2) for the two-phase thermosyphon loop with 
minichannels (HHCV)  can be written in the form 
  
( ) ( ) ( ) ( ){ }
( ) ( ) ( ) ( )
0 1 1 5 5 6
1 5 5 6
1 0 5 1 6 5 8 6; ; ;
0
3 2 5 4 6 5; ; 0 ;
s s s s s s
L
V L s s s s
dp
s s R s s R s s R s s
ds
g s s s s s sρ ρ α α
⎛ ⎞ ⋅ − ⋅ + − ⋅ + − ⋅ + − +⎜ ⎟⎝ ⎠
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 (18)  
www.intechopen.com
Natural Circulation in Single and Two Phase Thermosyphon Loop  
with Conventional Tubes and Minichannels   
 
487 
 
 
C
LC
3 4
1
2
L
L
6
0
5
 7
 8
H
S S
S
S
S
SSS
S
HP
H
CP
L
S
ΔH
H
B
 
Fig. 10. The scheme of the two-phase thermosyphon loop heated from the lower part of 
horizontal side and cooled from the upper  part of vertical side (HHCV). 
The El-Hajal‘s empirical correlation (El-Hajal et al., 2003) for the void fraction at low 
pressures is used in calculations 
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The local two-phase friction coefficient in two-phase adiabatic region was calculated using 
the Zhang & Webb formula (Zhang & Webb, 2001): 
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and the local two-phase friction coefficient in two-phase diabatic regions was calculated 
using the Tran formula (Tran et al., 2000):  
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The mass flux distributions G$  versus heat flux 
Hq$  were obtained numerically for the 
steady-state conditions for minichannels, as shown in Fig. 11. The working fluid was 
distilled water. Two flow regimes can be clearly identified in Fig. 11. GDR - gravity 
dominant regime and FDR – friction dominant regime.  
 
 
Fig. 11. Mass flux G$  as a function of Hq$ (HHCV), (L=0.2 [m], D=0.002 [m], H=0.07 [m], 
B=0.03 [m], LH=LC=0.025 [m], LHP=LCP=0.0001 [m] ).  
The gravity dominant regime is characterized by an increase in the flow rate with heat flux 
Hq$  contrary to the friction dominant regime, which is characterized by a decrease in flow 
rate with increase in heat flux Hq$  (Vijayan et al., 2005). 
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5.1 The effect of geometrical parameters on the mass flux distributions. 
The effect of the internal diameter tube D on the mass flow rate for the steady-state 
conditions is presented in Fig. 12. The mass flow rate rapidly increases with increasing 
internal diameter tube D. 
 
 
Fig. 12. Mass flux rate G$  as a function of Hq$  with internal diameter tube D as the 
parameter (HHCV).  
The effect of the loop aspect ratio (height H to breadth B) on the mass flow rate for the 
steady-state conditions is presented in Fig. 13. The mass flow rate increases with increasing 
H/B aspect ratio, due to the increasing gravitational driving force. The friction force is not 
changed because the total length of the loop is assumed to be constant.  
 
 
Fig. 13. Mass flux G$  as a function of Hq$  with aspect ratio H/B (height to breadth) as a 
parameter (HHCV).  
The effect of the length of the heated section LH on the mass flow rate is shown in Fig. 18. 
The length of FDR- friction dominant regime increases with increasing the length of the 
heated section LH. 
The effect of the length of preheated section LHP on the mass flux rate was obtained and is 
demonstrated in Fig. 15. The mass flux rate increases with increasing length of preheated 
section LHP, due to the decreasing length of insulated section 51 s;s . 
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Fig. 14.  Mass flux G$  as a function of Hq$  with parameter LH  (HHCV).  
 
 
Fig. 15. Mass flux G$  as a function of Hq$  with parameter LHP  (HHCV). 
The effect of the length of the cooled section LC on the mass flux rate was also investigated 
and the results of calculations are presented in Fig. 16. The mass flux rate decreases with 
increasing length of the cooled section LC, due to the decreasing gravitational driving force ( )HΔ ↓ . 
The effect of the length of precooled section LCP on the mass flux rate is shown in Fig. 17. 
The mass flux rate increases with decreasing length of precooled section LCP due to the 
decreasing length of insulated section 1 5;s s  and due to the increasing gravitational 
driving force ( )HΔ ↑ . The decreasing value of the insulated two phase friction pressure 
drop 
1 5
2 ,
;
p Friction
s s
dp
ds
⎛ ⎞⎜ ⎟⎝ ⎠ was caused by the decreasing length of insulated section 1 5;s s .  
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Fig. 16. Mass flux G$  as a function of Hq$  with parameter LC  (HHCV).  
 
 
Fig. 17. Mass flux G$  as a function of Hq$  with LCP as a parameter (HHCV) 
 
 
Fig. 18. Mass flux G$  as a function of Hq$  with parameter L (HHCV).  
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The effect of the total length of the loop L on the mass flow rate is shown in Fig. 18. The 
mass flow rate decreases with increasing total length of the loop L, due to the increasing 
frictional pressure drop. The gravitational pressure drop is not changed because the 
difference of height HΔ  of the loop is constant.  
5.2 The distributions of the heat transfer coefficient in flow boiling. 
The heat transfer coefficient for flow boiling in minichannels was calculated using the 
Mikielewicz formula Eq. (16) with some modifications concerning the two-phase flow in 
minichannels, such as: 
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The heat transfer coefficient for flow boiling in minichannels was also calculated using the 
Saitoh formula (Saitoh et al., 2007). 
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The heat transfer coefficient for flow boiling in minichannels 
TPBh   versus heat flux Hq$  is  
presented  in Fig. 19.  
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Fig. 19. Heat transfer coefficient TPBα  as a function of Hq$   (HHCV). 
5.3 The heat transfer coefficient for condensation. 
The heat transfer coefficient in condensation for minichannels was calculated using the 
general Mikielewicz formula Eq. (16). The term which describes nucleation process in that 
formula was neglected. 
The heat transfer coefficient for condensation in minichannels was also calculated using the 
modified Tang formula (Tang et al., 2000) 
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The heat transfer coefficient for condensation in minichannels 
TPCh  versus heat flux Cq$  is  
presented in Fig. 21.  
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Fig. 20. Heat transfer coefficient 
TPCh  as a function of Cq$ (HHCV). 
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6. Conclusions 
The presented variants (HHCH, HVCV, HHCV) of the thermosyphon loop can be analyzed 
using the conservation equations of mass, momentum and energy based on a generalized 
model of the thermosyphon loop. We have found a new and effective numerical method to 
solve the problem for the onset of motion in a fluid from the rest. 
Our studies demonstrate that the best choice of the presented variants depends on specific 
technical conditions. The increasing integration of electronic systems requires improved 
cooling technologies. Because the progress in electronic equipment is due to the increased 
power levels and miniaturization of devices, the traditional cooling techniques are not able 
to cool effectively at high heat fluxes, so the thermosyphon cooling is an alternative 
technology allowing to dissipate high local heat fluxes.  
The application of the complexity analysis for the various variants of a generalized model of 
the thermosyphon loop can support development of an alternative cooling technology. 
The results show that the one-dimensional two-phase separate flow model can be used to 
describe heat transfer and fluid flow in the thermosyphon loop for conventional tube as well 
as minichannels. The Stomma correlation (Stomma, 1979) for void fraction, the Friedel 
correlation (Friedel, 1979) for the friction pressure drop of two-phase flow in adiabatic 
region, the Müller-Steinhagen & Heck correlation (Müller-Steinhagen & Heck, 1986) for the 
friction pressure drop of two-phase flow in diabatic region and the Mikielewicz correlation 
(Mikielewicz et al., 2007) for the flow boiling heat transfer coefficient in conventional 
channels can be used to evaluate the thermosyphon loop.  
In order to evaluate the thermosyphon loop with minichannels the following correlations 
such as the El-Hajal correlation (El-Hajal et al., 2003) for void fraction, the Zhang-Webb 
correlation (Zhang & Webb, 2001) for the friction pressure drop of two-phase flow in 
adiabatic region, the Tran correlation (Tran et al., 2000) for the friction pressure drop of two-
phase flow in diabatic region and the Mikielewicz correlation (Mikielewicz et al., 2007) for 
the heat transfer coefficient in evaporator, the Mikielewicz correlation for condensation heat 
transfer coefficient in minichannels, can be used in calculations.  
The distribution of the mass flux against the heat flux approaches a maximum and then 
slowly decreases for minichannels, and two flow regimes can be clearly identified: GDR- 
gravity dominant regime and FDR – friction dominant regime as shown in Fig. 2. 
The effect of geometrical parameters on the mass flux distributions was obtained 
numerically for the steady-state conditions as presented in Figs. 12-18. The mass flow rate 
increases with the following parameters: (a) increasing of the internal tube diameter, (b) 
increasing H/B aspect ratio, (c) decreasing length of preheated section LHP, (d) decreasing 
length of cooled section LC, (e) decreasing length of precooled section LCP, (f) decreasing total 
length of the loop L. Fig. 19 and Fig. 20 respectively show that for minichannels the heat 
transfer coefficient in flow boiling increases with an increasing of the heat flux and the heat 
transfer coefficient in condensation against the heat flux approaches a maximum and then 
slowly decreases.  
Future trends and developments in the application of mini-loops should be focused on 
employing complex geometries, such as parallel mini-channels, in order to maximize the 
heat transferred by the systems under condition of single- and two phase flows. Moreover, 
the transient analysis should be developed in order to characterize the dynamic behaviour 
of  single- and two phase flow for different combination of boundary conditions. The next 
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design-step should also be the experimental verification of the theoretical models of 
thermosyphon loops with minichannels.  
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practical applications of current interest will make this book of interest to researchers, scientists, engineers and
graduate students in many disciplines, who make use of mathematical modelling, inverse problems,
implementation of recently developed numerical methods in this multidisciplinary field as well as to
experimental and theoretical researchers in the field of heat and mass transfer.
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